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About Me
• 2010-now :  PhD student at the University of 

Neuchatel, Switzerland (and Lua user since then)

• Topic: large-scale distributed systems, cloud 
computing. Daily job: 

1. Invent new protocols for cloud applications 

2. Do experiments, write papers, go to 1

• 2007-2009: Research engineer at INRIA, France

• BSc and MSc in Computer Engineering at the 
Università degli Studi Roma Tre, Italy
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Motivations

• Developing, testing and tuning distributed 
applications is hard

• In Computer Science research, fixing the 
gap of simplicity between pseudocode 
description and implementation is hard 

• Using worldwide testbeds is hard 
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What is

• Machines contributed by universities, 
companies,etc.
• 1098 nodes at 531 sites (02/09/2011)

• Shared resources, no privileged access

• University-quality Internet links

• High resource contention

• Faults, churn, packet-loss is the norm

• Challenging conditions
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1

Daily Job With 
Distributed Systems

code

1 • Write (testbed specific) code
• Local tests, in-house cluster, PlanetLab...
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Daily Job With 
Distributed Systems

code debug deploy get logs

4 • Get logs, with testbed specific scripts
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5 • Produce plots, hopefully
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          At Glance

• Supports the development, evaluation, 
testing, and tuning of distributed 
applications on any testbed:

• In-house cluster, shared testbeds, 
emulated environments

• Provides an easy-to-use pseudocode-like 
language implemented in Lua

!"#$%
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          At Glance

• Supports the development, evaluation, 
testing, and tuning of distributed 
applications on any testbed:

• In-house cluster, shared testbeds, 
emulated environments

• Provides an easy-to-use pseudocode-like 
language implemented in Lua

!"#$%
code debug deploy get logs plots

gnuplot is

your frie
nd
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The Big Picture

Splay
Controller

SQL DB

 require”splay.base”splayd

splayd

splayd

splayd
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Why         ?

• Light & Fast

• (Very) Close to equivalent code in C 

• Concise   

• Allow developers to focus on ideas more 
than implementation details

• Key for researchers

• Sandbox thanks to the possibility of easily 
redefine (even built-in) functions
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Concise

Pseudo code
as published
on original

paper

Executable
code using

SPLAY
libraries
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Sandbox: Motivations

• Experiments should access only their 
own resources

• Required for non-dedicated testbeds

• In universities, companies 

• Totally available at night/holiday time

• Memory-allocation, filesystem, network 
resources are restricted
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Sandboxing LuaSocket

• Same API as plain LuaSocket

• On-demand sandboxed sockets

• Very easy thanks to Lua’s metatable

• Limits chosen by the SPLAYd deployer 

• Both TCP and UDP

• Example: UDP’s socket.send

if sock.send then
! ! new_sock.send = function(self, data)
! ! ! local len = #data
! ! ! if total_sent + len > max_send then
! ! ! ! l_o:warn("Send restricted (total: "..total_sent..")")
! ! ! ! return nil, "restricted"
! ! ! end
! ! ! local n, status
! ! ! if math.random(1000) > udp_drop_ratio then
! ! ! ! n, status = sock:send(data)
! ! ! else
! ! ! ! n = len
! ! ! end
! ! ! if n then
! ! ! ! total_sent = total_sent + len
! ! ! end
! ! ! return n, status
! ! end
! end
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for _,module in pairs(splay)
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misc log rpc
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Modules sandboxed to prevent 
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splay.events

events

• Distributed protocols can use message-
passing paradigm to communicate

• Nodes react to events 

• Local, incoming, outgoing messages

• The core of the Splay runtime

• splay.socket, splay.io designed to 
provide a non-blocking operational mode

• Based on Lua’s coroutines
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splay.rpc

rpc

events

misc log

crypto llenc/benc json

luasocket io
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splay.rpc

• Default mechanism to communicate 
between nodes

• Support for UDP/TCP

• Efficient BitTorrent-like encoding

• Experimental binary encoding
rpc
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Life Before 
• Time spent on developing testbed 

specific protocols

• Or fallback on simulations...

• The focus should be on ideas

• Researchers usually have no time to 
produce industrial-quality code 

!"#$%
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package gossip.protocol.node.bamboo;

import gnu.trove.THashMap;

import gossip.protocol.messages.Message;

import gossip.protocol.messages.MessageType;

import gossip.protocol.node.Node;

import gossip.simulator.BigInteger;

import gossip.simulator.Simulator;

import java.util.Comparator;

import java.util.Set;

import org.apache.commons.lang.StringUtils;

/**

 * This class represents a generic DHT node on a ring, so mainly it has an ID

 * and methods to calculate distances, but it does not have any data structure

 * and/or maintenance methods for them.

 *  */

public class DHTNode extends Node implements Comparable {

  // ===========================================================================

  // IMMUTABLE CONSTANTS

  // ===========================================================================

  /**

   * Max number of binary digits for a Bamboo node identifier.

   */

  public static final int                                 MAX_BITS                            = 160;

  /**

   * The 2^160 value.

   */

  public static final BigInteger                          MOD                                 = new BigInteger(

                                                                                                  "2")

                                                                                                  .pow(160);

  /**

   * The 2^160-1 value.

   */

  public static final BigInteger                          MAX_ID_VALUE                        = MOD

                                                                                                  .subtract(new BigInteger(

                                                                                                      "1"));

  /**

   * The id of half of the ring.

   */

  public static final BigInteger                          HALF                                = MOD

                                                                                                  .divide(new BigInteger(

                                                                                                      "2"));

  public static final long                                ACK_INFORMATIONS_SIZE               = 10;

  public static final long                                BAMBOO_NODE_INFO_SIZE               = 28;

  public static final long                                BAMBOO_KEY_SIZE                     = 20;

  // ===========================================================================

  // FIELDS

  // ===========================================================================

  /**

   * This is for convenience the {@link Node#id} field casted to

   * {@link BigInteger}.

   */

  protected final BigInteger                              idAsBigInteger;

  /**

   * The id of this node as binary String.

   */

  protected final String                                  idAsBinaryString;

  /**

   * True if the node is already part of the ring.

   */

  protected boolean                                       isJoined                            = true;

  /**

   * Next id of message being sent by this node. To retrieve the next id, ALWAYS

   * do getNextMessageId(), otherwise 2 messages sent by this node will have the

   * same ID at any given time.

   */

  protected long                                          nextMessageId                       = 0;

  /**

   * To compare nodes by distance to this node.

   */

  protected final Comparator<? super DHTNode>             distanceComparator                  = new DistanceComparator();

// /**

// * Cached distances calculated so far to speed up

// * {@link #distance(BigInteger)} method invocation.

// */

// protected Map<BigInteger, BigInteger> cachedDistances = new

  // THashMap<BigInteger, BigInteger>();

  // ===========================================================================

  // CALLBACKS

  // ===========================================================================

  /**

   * When a response containing a given acked message arrives, the corresponding

   * callback value is called.

   */

  public final THashMap<Message, ResponseArrivedCallback> sentMessagesCallbacks               = new THashMap<Message, ResponseArrivedCallback>();

  /**

   * This is just to put the callbacks when lookup responses arrive.

   */

  public final THashMap<Long, ResponseArrivedCallback>    sentLookupRequestsMessagesCallbacks = new THashMap<Long, ResponseArrivedCallback>();

  /**

   * Singleton callback which does nothing on response received.

   */

  protected final DoNothingResponseArrivedCallback        doNothingResponseArrivedCallback    = new DoNothingResponseArrivedCallback(

                                                                                                  this);

  /**

   * The constructed instance has {@link #isJoined}=<code>true</code>.

   * 

   * @param identifier

   * @param simulator

   */

  public DHTNode(final BigInteger identifier, final Simulator simulator) {

    super(identifier, simulator);

    this.idAsBigInteger = (BigInteger) this.id;

    this.idAsBinaryString = bigIntegerToBinaryString160(this.idAsBigInteger);

    this.isJoined = true;

  }

  /**

   * When this node is activated.

   */

  public void onActivation() {

    // DO NOTHING HERE

  }

  /**

   * Called when this node is deactivated.

   */

  public void onDeactivatation() {

    // DO NOTHING HERE

  }

  @Override

  public void run() {

    // DO NOTHING.

  }

  /**

   * Convert a BigInteger to a binary String of {@link #MAX_BITS} digits,

   * filling the missing digits with 0.

   * 

   * @param k

   * @return

   */

  protected static final String bigIntegerToBinaryString160(final BigInteger k) {

    return normalizeBinaryString(k.toString(2));

  }

  /**

   * Fill the missing digits with 0 to arrive at {@link #MAX_BITS} of length.

   * 

   * @param input

   * @return

   */

  protected static final String normalizeBinaryString(final String input) {

    String result = input;

    if (input.length() < MAX_BITS) {

      result = StringUtils.leftPad(input, MAX_BITS, '0');

    }

    return result;

  }

  /**

   * @return the idAsBigInteger

   */

  public BigInteger getIdAsBigInteger() {

    return idAsBigInteger;

  }

  /**

   * @return the idAsBinaryString

   */

  public String getIdAsBinaryString() {

    return idAsBinaryString;

  }

  /**

   * @return the isJoined

   */

  public boolean isJoined() {

    return isJoined;

  }

  /**

   * @param isJoined the isJoined to set

   */

  public void setJoined(final boolean isJoined) {

    this.isJoined = isJoined;

  }

  /**

   * Compute the distance between two arbitrary nodes, give as node ids.

   * 

   * @param id1

   * @param id2

   * @return the distance between two arbitrary nodes, give as node ids.

   */

  public static final BigInteger distanceBetween(final BigInteger id1,

      final BigInteger id2) {

    final BigInteger diffId1Id2 = id1.subtract(id2).mod(MOD);

    final BigInteger diffId2Id1 = id2.subtract(id1).mod(MOD);

    if (diffId1Id2.compareTo(diffId2Id1) < 0) {

      return diffId1Id2;

    } else {

      return diffId2Id1;

    }

  }

  /**

   * Compute the distance between the current node and the specified node id.

   * 

   * @param from

   * @return

   */

  public BigInteger distance(final BigInteger from) {

// final BigInteger cachedValue = cachedDistances.get(from);

// if (cachedValue != null) return cachedValue;

    final BigInteger distance = distanceBetween(this.idAsBigInteger, from);

// cachedDistances.put(from, distance);

    return distance;

  }

  /**

   * Compute the distance between the current node and the specified node.

   * 

   * @param node

   * @return

   */

  public BigInteger distance(final DHTNode node) {

    return this.distance(node.idAsBigInteger);

  }

  /**

   * To order Bamboo nodes with respect to (<em>shortest</em>) distance to the

   * <code>this</code> node.

   */

  protected final class DistanceComparator implements Comparator<DHTNode> {

    public int compare(final DHTNode o1, final DHTNode o2) {

      final BigInteger first = distance(o1);

      final BigInteger second = distance(o2);

      return first.compareTo(second);

    }

  }

  public final int compareTo(final DHTNode obj) {

    return this.idAsBigInteger.compareTo(obj.idAsBigInteger);

  }

  /**

   * @return the nextMessageId to be used in outgoing messages.

   */

  public final long getNextMessageId() {

    return ++nextMessageId;

  }

  // ===========================================================================

  // send methods

  // ===========================================================================

  /**

   * Try to send the given message for a total number of times: if an ACK or a

   * response for it arrives in time, the response arrived callback is invoked,

   * otherwise the response timeout callback.

   */

  public final void sendExpectingResponse(final Message msg,

      final ResponseArrivedCallback responseArrivedCallback,

      final ResponseTimeoutCallback responseTimeoutCallback) {

    /* register the success callback */

    this.sentMessagesCallbacks.put(msg, responseArrivedCallback);

    this.simulator.send(msg);

  }

  /**

   * @see gossip.protocol.node.Node#onMessageSent(gossip.protocol.messages.Message)

   */

  @Override

  public void onMessageSent(final Message m) {

    super.onMessageSent(m);

  }

  public void declareNeighbourInactive(final DHTNode node) {

    // DO NOTHING HERE:

  }

  public void addToLeafSet(final DHTNode node) {

    // DO NOTHING

  }

  /**

   * Empty UDP message is 64 bytes, to which we must add 1 bytes for the header,

   * 1 bytes for the messageId, 28 bytes (IP,port,Bamboo ID) for message src, 28

   * bytes for message dest + bytes for the specific data carried in the

   * message. NOTE: the size of informations to ack a message is 10 bytes,

   */

  @Override

  public long calculateMessageBytes(final Message msg) {

    long result = 122; // 64 + 1 + 1 + 28 + 28;

    if (msg.header == MessageType.PING) {

      /* nothing to add */

      return result;

    }

    if (msg.header == MessageType.PONG) {

      /* some bytes for the informations about which message is being acked */

      result += ACK_INFORMATIONS_SIZE;

      return result;

    }

    if (msg.header == MessageType.BAMBOO_JOIN_LOOKUP_REQUEST

        || msg.header == MessageType.BAMBOO_LOOKUP_REQUEST

        || msg.header == MessageType.BAMBOO_JOIN_LOOKUP_RESPONSE

        || msg.header == MessageType.BAMBOO_LOOKUP_RESPONSE) {

      final LookupInfo lookupInfo = (LookupInfo) msg.content;

      result += BAMBOO_KEY_SIZE; // the key

      result += BAMBOO_NODE_INFO_SIZE * lookupInfo.path.size();

      result += BAMBOO_NODE_INFO_SIZE; // the requester (IP,port,ID)

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LEAF_SET_REQUEST) {

      /* nothing to add */

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LEAF_SET_RESPONSE) {

      // this below actually would not be needed

      // result += ACK_INFORMATIONS_SIZE;

      final BambooNode source = (BambooNode) msg.src;

      result += BAMBOO_NODE_INFO_SIZE * source.leftLeafSet.size()

          + BAMBOO_NODE_INFO_SIZE * source.rightLeafSet.size();

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LOCAL_TUNING_REQUEST) {

      /* which row is being asked */

      result += 1;

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LOCAL_TUNING_RESPONSE) {

      /* the result contains at most one entry */

      result += BAMBOO_NODE_INFO_SIZE;

      return result;

    }

    /* unexpected */

    throw new IllegalStateException("Cannot calculate size for message: "

        + msg.header);

  }

  protected void removePendingHandlerForOurLookupRequestWithId(

      final long messageId) {

    final Set<Message> messagesToBeAcked = this.sentMessagesCallbacks.keySet();

    for (final Message m : messagesToBeAcked) {

      if (m.messageId == messageId

          && (m.header == MessageType.BAMBOO_JOIN_LOOKUP_REQUEST || m.header == MessageType.BAMBOO_LOOKUP_REQUEST)) {

        final LookupInfo info = (LookupInfo) m.content;

        if (info.requester == this) {

          this.sentMessagesCallbacks.remove(m);

          break;

        }

      }

    }

  }

  /**

   * Dispatch to response handler in the map of expected handlers, or simply

   * send a PONG if there is no one (because it means it could be a duplicate

   * response or a response arrived out of time).

   */

  protected void dispatchResponseToAppropriateHandler(final Message msg) {

    /* IF IT IS A LOOKUP or JOIN_LOOKUP RESPONSE */

    if (msg.header == MessageType.BAMBOO_JOIN_LOOKUP_RESPONSE

        || msg.header == MessageType.BAMBOO_LOOKUP_RESPONSE) {

      final ResponseArrivedCallback responseCallback = this.sentLookupRequestsMessagesCallbacks

          .remove(msg.messageId);

      if (responseCallback != null) {

        this.removePendingHandlerForOurLookupRequestWithId(msg.messageId);

        responseCallback.onResponseReceived(msg);

      }/*

        * CAN BE COMMENTED AS SEND RETRIAL OF MESSAGES IS OFF else { it is a

        * duplicate lookup response, send a PONG to (hopefully) stop source to

        * send us again that message final Message pong = new

        * Message(MessageType.PONG, msg.messageId, this, msg.src); pong.ackedMsg

        * = msg; simulator.send(pong); }

        */

    }

    /* ELSE IF IS SOMETHING NOT A LOOKUP RESPONSE */

    else {

      final Message beingAcked = msg.ackedMsg;

      final ResponseArrivedCallback handler = this.sentMessagesCallbacks

          .remove(beingAcked);

      /* if there is a mapping */

      if (handler != null) {

        handler.onResponseReceived(msg);

      }/*

        * else { this may happen in case of a response arrive later than

        * expected... log .info("%%% " + this + " received the response => " +

        * msg +

        * " but no handler was expecting it! So, simply send back a PONG to make it stop sending again..\n"

        * ); send a PONG to (hopefully) stop source to send us again final

        * Message pong = new Message(MessageType.PONG, msg.messageId, this,

        * msg.src); pong.ackedMsg = msg; simulator.send(pong); }

        */

    }

// /* it replied at last, so "reset" the value */

// this.nodeConsecutiveTimeouts.put((DHTNode) msg.src, 0);

  }

  /**

   * @param msg

   */

  @Override

  public void receive(final Message msg) {

    log.fine(this + " received => " + msg);

    /* for response types we use the dispatcher function */

    switch (msg.header) {

      /* it's the "ack" received after a completed STORE */

      case PONG :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_JOIN_LOOKUP_REQUEST :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_JOIN_LOOKUP_RESPONSE :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_LOCAL_TUNING_RESPONSE :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      default :

        throw new IllegalStateException(

            "This class is not supposed to receive messages of header type "

                + msg.header);

    }

  }

}

Life Before 
• Time spent on developing testbed 

specific protocols

• Or fallback on simulations...

• The focus should be on ideas

• Researchers usually have no time to 
produce industrial-quality code 
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package gossip.protocol.node.bamboo;

import gnu.trove.THashMap;

import gossip.protocol.messages.Message;

import gossip.protocol.messages.MessageType;

import gossip.protocol.node.Node;

import gossip.simulator.BigInteger;
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import java.util.Comparator;

import java.util.Set;

import org.apache.commons.lang.StringUtils;
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  /**

   * True if the node is already part of the ring.

   */

  protected boolean                                       isJoined                            = true;

  /**

   * Next id of message being sent by this node. To retrieve the next id, ALWAYS

   * do getNextMessageId(), otherwise 2 messages sent by this node will have the

   * same ID at any given time.

   */

  protected long                                          nextMessageId                       = 0;

  /**

   * To compare nodes by distance to this node.

   */

  protected final Comparator<? super DHTNode>             distanceComparator                  = new DistanceComparator();

// /**

// * Cached distances calculated so far to speed up

// * {@link #distance(BigInteger)} method invocation.

// */

// protected Map<BigInteger, BigInteger> cachedDistances = new

  // THashMap<BigInteger, BigInteger>();

  // ===========================================================================

  // CALLBACKS

  // ===========================================================================

  /**

   * When a response containing a given acked message arrives, the corresponding

   * callback value is called.

   */

  public final THashMap<Message, ResponseArrivedCallback> sentMessagesCallbacks               = new THashMap<Message, ResponseArrivedCallback>();

  /**

   * This is just to put the callbacks when lookup responses arrive.

   */

  public final THashMap<Long, ResponseArrivedCallback>    sentLookupRequestsMessagesCallbacks = new THashMap<Long, ResponseArrivedCallback>();

  /**

   * Singleton callback which does nothing on response received.

   */

  protected final DoNothingResponseArrivedCallback        doNothingResponseArrivedCallback    = new DoNothingResponseArrivedCallback(

                                                                                                  this);

  /**

   * The constructed instance has {@link #isJoined}=<code>true</code>.

   * 

   * @param identifier

   * @param simulator

   */

  public DHTNode(final BigInteger identifier, final Simulator simulator) {

    super(identifier, simulator);

    this.idAsBigInteger = (BigInteger) this.id;

    this.idAsBinaryString = bigIntegerToBinaryString160(this.idAsBigInteger);

    this.isJoined = true;

  }

  /**

   * When this node is activated.

   */

  public void onActivation() {

    // DO NOTHING HERE

  }

  /**

   * Called when this node is deactivated.

   */

  public void onDeactivatation() {

    // DO NOTHING HERE

  }

  @Override

  public void run() {

    // DO NOTHING.

  }

  /**

   * Convert a BigInteger to a binary String of {@link #MAX_BITS} digits,

   * filling the missing digits with 0.

   * 

   * @param k

   * @return

   */

  protected static final String bigIntegerToBinaryString160(final BigInteger k) {

    return normalizeBinaryString(k.toString(2));

  }

  /**

   * Fill the missing digits with 0 to arrive at {@link #MAX_BITS} of length.

   * 

   * @param input

   * @return

   */

  protected static final String normalizeBinaryString(final String input) {

    String result = input;

    if (input.length() < MAX_BITS) {

      result = StringUtils.leftPad(input, MAX_BITS, '0');

    }

    return result;

  }

  /**

   * @return the idAsBigInteger

   */

  public BigInteger getIdAsBigInteger() {

    return idAsBigInteger;

  }

  /**

   * @return the idAsBinaryString

   */

  public String getIdAsBinaryString() {

    return idAsBinaryString;

  }

  /**

   * @return the isJoined

   */

  public boolean isJoined() {

    return isJoined;

  }

  /**

   * @param isJoined the isJoined to set

   */

  public void setJoined(final boolean isJoined) {

    this.isJoined = isJoined;

  }

  /**

   * Compute the distance between two arbitrary nodes, give as node ids.

   * 

   * @param id1

   * @param id2

   * @return the distance between two arbitrary nodes, give as node ids.

   */

  public static final BigInteger distanceBetween(final BigInteger id1,

      final BigInteger id2) {

    final BigInteger diffId1Id2 = id1.subtract(id2).mod(MOD);

    final BigInteger diffId2Id1 = id2.subtract(id1).mod(MOD);

    if (diffId1Id2.compareTo(diffId2Id1) < 0) {

      return diffId1Id2;

    } else {

      return diffId2Id1;

    }

  }

  /**

   * Compute the distance between the current node and the specified node id.

   * 

   * @param from

   * @return

   */

  public BigInteger distance(final BigInteger from) {

// final BigInteger cachedValue = cachedDistances.get(from);

// if (cachedValue != null) return cachedValue;

    final BigInteger distance = distanceBetween(this.idAsBigInteger, from);

// cachedDistances.put(from, distance);

    return distance;

  }

  /**

   * Compute the distance between the current node and the specified node.

   * 

   * @param node

   * @return

   */

  public BigInteger distance(final DHTNode node) {

    return this.distance(node.idAsBigInteger);

  }

  /**

   * To order Bamboo nodes with respect to (<em>shortest</em>) distance to the

   * <code>this</code> node.

   */

  protected final class DistanceComparator implements Comparator<DHTNode> {

    public int compare(final DHTNode o1, final DHTNode o2) {

      final BigInteger first = distance(o1);

      final BigInteger second = distance(o2);

      return first.compareTo(second);

    }

  }

  public final int compareTo(final DHTNode obj) {

    return this.idAsBigInteger.compareTo(obj.idAsBigInteger);

  }

  /**

   * @return the nextMessageId to be used in outgoing messages.

   */

  public final long getNextMessageId() {

    return ++nextMessageId;

  }

  // ===========================================================================

  // send methods

  // ===========================================================================

  /**

   * Try to send the given message for a total number of times: if an ACK or a

   * response for it arrives in time, the response arrived callback is invoked,

   * otherwise the response timeout callback.

   */

  public final void sendExpectingResponse(final Message msg,

      final ResponseArrivedCallback responseArrivedCallback,

      final ResponseTimeoutCallback responseTimeoutCallback) {

    /* register the success callback */

    this.sentMessagesCallbacks.put(msg, responseArrivedCallback);

    this.simulator.send(msg);

  }

  /**

   * @see gossip.protocol.node.Node#onMessageSent(gossip.protocol.messages.Message)

   */

  @Override

  public void onMessageSent(final Message m) {

    super.onMessageSent(m);

  }

  public void declareNeighbourInactive(final DHTNode node) {

    // DO NOTHING HERE:

  }

  public void addToLeafSet(final DHTNode node) {

    // DO NOTHING

  }

  /**

   * Empty UDP message is 64 bytes, to which we must add 1 bytes for the header,

   * 1 bytes for the messageId, 28 bytes (IP,port,Bamboo ID) for message src, 28

   * bytes for message dest + bytes for the specific data carried in the

   * message. NOTE: the size of informations to ack a message is 10 bytes,

   */

  @Override

  public long calculateMessageBytes(final Message msg) {

    long result = 122; // 64 + 1 + 1 + 28 + 28;

    if (msg.header == MessageType.PING) {

      /* nothing to add */

      return result;

    }

    if (msg.header == MessageType.PONG) {

      /* some bytes for the informations about which message is being acked */

      result += ACK_INFORMATIONS_SIZE;

      return result;

    }

    if (msg.header == MessageType.BAMBOO_JOIN_LOOKUP_REQUEST

        || msg.header == MessageType.BAMBOO_LOOKUP_REQUEST

        || msg.header == MessageType.BAMBOO_JOIN_LOOKUP_RESPONSE

        || msg.header == MessageType.BAMBOO_LOOKUP_RESPONSE) {

      final LookupInfo lookupInfo = (LookupInfo) msg.content;

      result += BAMBOO_KEY_SIZE; // the key

      result += BAMBOO_NODE_INFO_SIZE * lookupInfo.path.size();

      result += BAMBOO_NODE_INFO_SIZE; // the requester (IP,port,ID)

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LEAF_SET_REQUEST) {

      /* nothing to add */

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LEAF_SET_RESPONSE) {

      // this below actually would not be needed

      // result += ACK_INFORMATIONS_SIZE;

      final BambooNode source = (BambooNode) msg.src;

      result += BAMBOO_NODE_INFO_SIZE * source.leftLeafSet.size()

          + BAMBOO_NODE_INFO_SIZE * source.rightLeafSet.size();

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LOCAL_TUNING_REQUEST) {

      /* which row is being asked */

      result += 1;

      return result;

    }

    if (msg.header == MessageType.BAMBOO_LOCAL_TUNING_RESPONSE) {

      /* the result contains at most one entry */

      result += BAMBOO_NODE_INFO_SIZE;

      return result;

    }

    /* unexpected */

    throw new IllegalStateException("Cannot calculate size for message: "

        + msg.header);

  }

  protected void removePendingHandlerForOurLookupRequestWithId(

      final long messageId) {

    final Set<Message> messagesToBeAcked = this.sentMessagesCallbacks.keySet();

    for (final Message m : messagesToBeAcked) {

      if (m.messageId == messageId

          && (m.header == MessageType.BAMBOO_JOIN_LOOKUP_REQUEST || m.header == MessageType.BAMBOO_LOOKUP_REQUEST)) {

        final LookupInfo info = (LookupInfo) m.content;

        if (info.requester == this) {

          this.sentMessagesCallbacks.remove(m);

          break;

        }

      }

    }

  }

  /**

   * Dispatch to response handler in the map of expected handlers, or simply

   * send a PONG if there is no one (because it means it could be a duplicate

   * response or a response arrived out of time).

   */

  protected void dispatchResponseToAppropriateHandler(final Message msg) {

    /* IF IT IS A LOOKUP or JOIN_LOOKUP RESPONSE */

    if (msg.header == MessageType.BAMBOO_JOIN_LOOKUP_RESPONSE

        || msg.header == MessageType.BAMBOO_LOOKUP_RESPONSE) {

      final ResponseArrivedCallback responseCallback = this.sentLookupRequestsMessagesCallbacks

          .remove(msg.messageId);

      if (responseCallback != null) {

        this.removePendingHandlerForOurLookupRequestWithId(msg.messageId);

        responseCallback.onResponseReceived(msg);

      }/*

        * CAN BE COMMENTED AS SEND RETRIAL OF MESSAGES IS OFF else { it is a

        * duplicate lookup response, send a PONG to (hopefully) stop source to

        * send us again that message final Message pong = new

        * Message(MessageType.PONG, msg.messageId, this, msg.src); pong.ackedMsg

        * = msg; simulator.send(pong); }

        */

    }

    /* ELSE IF IS SOMETHING NOT A LOOKUP RESPONSE */

    else {

      final Message beingAcked = msg.ackedMsg;

      final ResponseArrivedCallback handler = this.sentMessagesCallbacks

          .remove(beingAcked);

      /* if there is a mapping */

      if (handler != null) {

        handler.onResponseReceived(msg);

      }/*

        * else { this may happen in case of a response arrive later than

        * expected... log .info("%%% " + this + " received the response => " +

        * msg +

        * " but no handler was expecting it! So, simply send back a PONG to make it stop sending again..\n"

        * ); send a PONG to (hopefully) stop source to send us again final

        * Message pong = new Message(MessageType.PONG, msg.messageId, this,

        * msg.src); pong.ackedMsg = msg; simulator.send(pong); }

        */

    }

// /* it replied at last, so "reset" the value */

// this.nodeConsecutiveTimeouts.put((DHTNode) msg.src, 0);

  }

  /**

   * @param msg

   */

  @Override

  public void receive(final Message msg) {

    log.fine(this + " received => " + msg);

    /* for response types we use the dispatcher function */

    switch (msg.header) {

      /* it's the "ack" received after a completed STORE */

      case PONG :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_JOIN_LOOKUP_REQUEST :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_JOIN_LOOKUP_RESPONSE :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      case BAMBOO_LOCAL_TUNING_RESPONSE :

        this.dispatchResponseToAppropriateHandler(msg);

        break;

      default :

        throw new IllegalStateException(

            "This class is not supposed to receive messages of header type "

                + msg.header);

    }

  }

}

Life Before 
• Time spent on developing testbed 

specific protocols

• Or fallback on simulations...

• The focus should be on ideas

• Researchers usually have no time to 
produce industrial-quality code 
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Life With

Chord robust enough for running on error-prone plat-
forms such as PlanetLab. The first step is to take into
account the absence of a reply to an RPC. Consider the
call to predecessor in method stabilize(). One
simply needs to replace this call by the code of Figure 4.

1 function stabilize() −− rpc.a call() returns both status and results
2 local ok, r = rpc.a call(finger[1], ’predecessor’, 60) −− RPC, 1m timeout
3 if not ok then
4 suspect(finger[1]) −− will prune the node out of local routing tables
5 else
6 (...)

Listing 4: Fault-tolerant RPC call

We omit the code of function suspect() for brevity.
Depending on the reliability of the links, this function
prunes the suspected node after a configurable number
of missed replies. One can tune the RPC timeout ac-
cording to the target platform (here, 1 minute instead of
the standard 2 minutes), or use an adaptive strategy (e.g.,
exponentially increasing timeouts). Finally, as suggested
by [27] and similarly to the leafset structure used in Pas-
try [25], we replace the single successor and predecessor
by a list of 4 peers in each direction on the ring.

Our Chord implementation without fault-tolerance is
only 59 lines long, which represents an increase of 18%4

over the pseudo-code from the original paper. Our fault-
tolerant version is only 101 lines long, i.e., 73% more
than the base implementation (29% for fault tolerance,
and 44% for the leafset-like structure). We detail the pro-
cedure for deployment and the results obtained with both
versions on a ModelNet cluster and on PlanetLab, respec-
tively, in Section 5.2.

5 Evaluation
This section presents a thorough evaluation of SPLAY per-
formance and capabilities. Evaluating such an infrastruc-
ture is a challenging task as the way users will use it plays
an important role. Therefore, our goal in this evaluation
is twofold: (1) to present the implementation, deploy-
ment and observation of real distributed systems by us-
ing SPLAY’s capability to easily reproduce experiments
that are commonly used in evaluations and (2) to study
the performance of SPLAY itself, both by comparing it to
other widely-used implementations and by evaluating its
costs and scalability. The overall objective is to demon-
strate the usefulness and benefits of SPLAY rather than
evaluate the distributed applications themselves.

We first demonstrate in Section 5.1 SPLAY’s capabili-
ties to easily express complex system in a concise man-
ner. We present in Section 5.2 the deployment and per-
formance evaluation of the Chord DHT proposed in Sec-
tion 4, using a ModelNet [29] cluster and PlanetLab [7].
We then compare in Section 5.3 the performance and scal-
ability of the Pastry [25] DHT written with SPLAY against

4Note that the pseudocode in [27] does not include initialization
code, while our code does.

a legacy Java implementation, FreePastry [3]. Sec-
tions 5.4 and 5.5 evaluate SPLAY’s ability to easily (1) de-
ploy applications in complex network settings (mixed
PlanetLab and ModelNet deployment) and (2) reproduce
arbitrary churn conditions. Section 5.6 focuses on SPLAY
performance for deploying and undeploying applications
on a testbed. We conclude in Section 5.7 with an evalu-
ation of SPLAY’s performance with bandwidth-intensive
applications (BitTorrent and tree-based content dissemi-
nation).
Experimental setup. Unless specified otherwise, our ex-
perimentations were performed either on PlanetLab, us-
ing a set of 400 to 450 hosts,5 or on our local cluster.
The cluster is composed of 11 nodes, each equipped with
a 2.13 Ghz Core 2 Duo processor and 2 GB of mem-
ory, linked by a 1 Gbps switched network. All nodes
run GNU/Linux 2.6.9. A separate node running FreeBSD
4.11 is used as a ModelNet router, when required by the
experiment. Our ModelNet configuration emulates 1,100
hosts connected to a 500-node transit-stub topology. The
bandwidth is set to 10Mbps for all links. RTT between
nodes of the same domain is 10 ms, stub-stub and stub-
transit RTT is 30 ms, and transit-transit (i.e., long range
links) RTT is 100 ms. These settings result in delays that
are approximately twice higher than those experienced in
PlanetLab.
5.1 Development complexity
We developed the following applications using SPLAY:
Chord [27] and Pastry [25], two DHTs; Scribe [12],
a publish-subscribe system; SplitStream [11]6, a
bandwidth-intensive multicast protocol; BitTorrent [14],
a content distribution infrastructure; and Cyclon [30],
a gossip-based membership management protocol. We
have also implemented a number of classical algorithms,
such as epidemic diffusion on Erdös-Renyi random
graphs [16] and various types of distribution trees [10]
(n-ary trees, parallel trees). As one can note from the fol-
lowing figure, all implementations are extremely concise
in terms of lines of code (LOC):7

Chord
Pastry
Scribe

SplitStream
BitTorrent

Cyclon
Epidemic

Trees

                                                                   59 (base) + 17 (FT) + 26 (leafset) = 101
        265

      79
      58
        420

      93
      35

      47

Pastry

Pastry Scribe

(base)

Although the number of lines is clearly just a rough
indicator of the expressiveness of a system, it is still a

5Splay daemons have been continuously running on these hosts for
more than one year.

6Scribe is based on Pastry, and SplitStream is based on both Pastry
and Scribe.

7Note that we did not try to compact the code in a way that would im-
pair readability. All lines have been counted, including those that only
contain block delimiters. Number and darker bars represent LOC for
the protocol, while lighter bars represent protocols acting as a substrate.

9

• Lines of pseudocode ~== Lines of executable code
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• Distributed systems raise a number of 
issues related to their evaluation

• Their implementation, debug, deployment 
and tuning is hard

•                 leverages Lua to produce an 
easy to use yet powerful working 
environment to solve these issues
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